Abstract
Introduction
The main two requirements for next generation communication systems are high data rate and high reliable communication [1, 2] . Spectral efficiency is viable because systems are band limited and user's demands are growing continuously. Application of multiple input multiple output (MIMO) technique is the best technique to improve link capacity, and potentially increase spectral efficiency [3] . Recently, operators, manufacturers, and the research community are focusing their efforts to include MIMO techniques in most of the 21st-century standards such as LTE, WiMAX, WiFi, and cognitive radio [4] . It is known that a wireless communication link in a fading environment with MIMO techniques can greatly increase the capacity and reliability when using space-time coding [5] . An efficient transmit diversity scheme is called Space time block coding (STBC) is used to combat detrimental effects of wireless fading channels because of its simple decoding maximum-likelihood (ML) algorithm accomplishing full diversity at a radio receiver. A transmit diversity technique using space time block coding (STBC) is an important technique for future wireless systems, since it can provide high diversity gain by exploiting the multi-path environment without requiring additional bandwidth [5, 6] .
The concept of spatial modulation (SM) to remove the interchannel interference (ICI) completely between the transmit antennas of a MIMO link is introduced in [7] . The information is conveyed not only by the amplitude/phase modulation (APM) techniques, but also by the antenna indices. Space-time block coded spatial modulation (STBC-SM) is introduced in [8] , which combines spatial modulation (SM) and space-time block coding (STBC) to take advantage of the benefits of both while avoiding their drawbacks. In the STBCS-SM scheme, the transmitted information symbols are expanded not only to the space and time domains but also to the spatial (antenna) domain which corresponds to the on/off status of the transmit antennas available at the space domain, and therefore both core STBC and antenna indices carry information. A low-complexity maximum likelihood (ML) decoder is used for the STBC-SM scheme, which profits from the orthogonality of the core STBC.
In this paper, a capacity improvement technique for STBC-SM is introduced. It is achieved by making a switching between STBC-SM and SM to increase the capacity.
In Section 2, a review of the space time block code is presented. In Section 3, a review of the hybrid STBC is introduced. Space time block code spatial modulation is presented in Section 4. In Section 5, the model and an optimal decoder for the STBC-SM system is described. In Section 6, switching technique between STBC-SM and SM is discussed. In Section 7, simulation results of the proposed system are presented. Finally, Section 8 includes the main conclusions of the paper. 
. Because of the orthogonality property provided by the Alamouti code, the above simple linear detection scheme produces ML performance.
Hybrid STBC
Hybrid MIMO transceiver schemes combine pure diversity schemes (e.g. STBC) with pure spatial multiplexing schemes (e.g. V-BLAST) [10] . With this idea, hybrid MIMO schemes achieve a compromise between spatial multiplexing and diversity transmission gains.
In this paper, a hybrid MIMO transceiver, whose structure is shown in Figure 1 is used. It employs three elements to transmit with two spatial multiplexing layers. In the first layer one spatially multiplexed antenna is used, while in the second layer an Alamouti STBC encoder is used. Two or more antennas may be used in the receiver. The input bit stream is mapped to symbols using a BPSK modulator. The Hybrid system adopted in this paper, uses minimum mean square error MMSE detection with ordered successive interference cancellation (SIC) decoding where the layer with the highest post detection SNR is detected first, then nulled and the process is repeated for all layers, iteratively [11] 
Space-Time Block Coded Spatial Modulation (STBC-SM)
In the STBC-SM scheme [8] , shown in Figure (2 
System Model and Optimal ML Decoder for the STBC-SM System
Consider a MIMO system with (n T ) transmit and (n R ) receive antennas in the presence of a quasistatic Rayleigh flat fading MIMO channel . From a given constellation C such as, PSK or QAM that is assumed to have unit energy, L symbols 
where c c Î X is the 2×n T STBC-SM transmission matrix, transmitted over two channels, and μ is a normalization factor to ensure that ρ is the average SNR at each receive antenna. H and N denote the n T × n R channel matrix and 2×n R noise matrix, respectively. The entries of H and N are assumed to be independent and identically distributed (i.i.d.) complex Gaussian random variables with zero means and unit variances. It is assumed that H remains constant during the transmission of a codeword and takes independent values from one codeword to another. It is assumed that H is perfectly knowledge at the receiver, but not at the transmitter [13] . Assuming n T transmit antennas are employed, the STBCSM code has c codewords, from which cM 2 different transmission matrices can be constructed. An ML decoder must make an exhaustive search over all possible cM 2 transmission matrices, and decides in favor of the matrix that minimizes the following metric:
The minimization in Equation (7) can be simplified due to the orthogonality of Alamouti's STBC as follows. The decoder can extract the embedded information symbol vector from Equation (5), and obtain the following equivalent channel model: 
As a result, the total number of ML metric calculations in Equation (7) is reduced from 2 cM to 2cM , yielding a linear decoding complexity as is also true for the SM scheme,. The last step of the decoding process is the demapping operation based on the look-up table used at the transmitter, to recover the input bits ) , , , 
STBC-SM switched with SM
The technique proposed in this paper to increase the capacity by 0.5bit/s/Hz of STBC-SM is done by switching between STBC-SM, mention in Section 4 and SM. In this technique, four code word are to be transmitted as follows: 
Simulation Results
The performances of the three different schemes; STBC-SM, STBC-SM switched with SM and Hybrid STBC are evaluated using MATLAB simulation. The source signal is modulated by BPSK and the receiver is assumed to have perfect channel state information. The energy per bit is calculated as:
where Es is the energy per symbol, Eb is the energy per bit, m is the number of bits per symbol, n is the number of bits to be transmitted, k is the number of bits actually transmitted and Nr is the number of receiving antennas. Figure 4 shows the BER values of the three techniques for BPSK modulation, with three antennas at the receiving side. It is observed that the performance is degraded when the capacity is increased. It is also found that the system, which uses switching between STBC-SM and SM, has the best performance by about 6 dB at BER of 10 -5 compared with the hybrid system. Figure 5 shows the BER values of the three techniques with four antennas at the receiving side. For the same capacity, it is found that the system, which uses switching between STBC-SM and SM has also the best performance (by about 4 dB at BER of 10 -5 ) compared with the hybrid system.
Conclusions
In this paper, a new technique for capacity improvement of STBC-SM is introduced. The proposed scheme switches between STBC-SM and SM. The performance of the proposed scheme is evaluated by MATLAB simulation, and the results state that its performance is better than hybrid STBC for the same capacity by about 4dB at a bit error rate of 10 -5 . The proposed scheme actually has the same complexity compared to STBC-SM with only small degradation error performance. 
